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Abstract 
Over t ime, several mix design met l iods l iave been developed to obtain a self-
compact ing concrete (SCC) with suitable fresh and hardened concrete properties. The 
very fluid concrete with no need for external compact ion is achieved by using a higher 
powder content and the use of chemical admixtures. Segregat ion and bleeding are 
prevented by either an appropriate yield stress, a high plastic viscosity, or intermediate 
values of both (assuming the Bingham model). To avoid rejection of batches, it is 
important for an SCC to have a suff icient robustness: the ability to withstand small 
variat ions in the mix proport ions, material propert ies, and methods of cast ing. This 
exper imental study examined the effect of two VMA's with different work ing 
mechanisms on the robustness of SCC mixtures. The influence of attapulgite clay, 
diutan gum, and no V M A addit ion on the robustness of the s lump flow, V-funnel t ime, 
sieve stability, and rheological parameters of a SCC mixture stabil ized by a relatively 
high yield stress and a SCC mixture stabil ized by a high plastic viscosity is studied in 
this exper imental program. 
1. Introduction 
1.1. Sel f -compact ing concrete ( S C C ) 
Self-compact ing concrete, also referred to as self-consol idat ing concrete or SCC, is a 
highly f lowable type of concrete not requiring any external compact ion. A high powder 
content and the use of chemical admixtures in this type of concrete allow the air 
bubbles to escape under the weight of the fresh concrete after casting. Eliminating the 
need of labor-intensive and energy-consuming vibrat ion of the fresh concrete, this type 
of concrete becomes very suitable for the precast industry and applications in which 
external compact ion would result in big diff iculties and risks, such as massive 
foundat ions or casting with complex formwork [1]. 
1.2. The r o b u s t n e s s of f resh S C C 
In spite of the many advantages, sel f-compact ing concrete has not a lot of market 
share. Besides the fact a high powder content makes concrete more expensive and 
somet imes more susceptible to shr inkage cracks, the higher sensitivity to small 
variat ions in the mix proport ions and material propert ies affects the choice between 
SCC and vibrated concrete. This higher sensitivity, also referred to as a lower 
robustness, results f rom a more complex mix design with in general more consti tuents 
and a lower yield stress which increases the risk of segregat ion [2, 3]. 
Starting with a proper mix design, the robustness against small changes in the water 
content can be improved by optimizing the grading curve of the aggregates [4-6], the 
right choice of superplasticizer [7], and the use of a V M A [5, 8-16]. However, VMA's 
can also reduce the robustness of SCC [8, 16]. 
1.3. The rheology of f resh S C C 
As il lustrated in the general ly accepted graph of appropriate Bingham parameter 
combinat ions for SCC (Figure 1, originally made by Olafur and Jon Wal levik [17]), 
dif ferent stability mechanisms can be achieved to meet both the contradictory demands 
of a sufficient f lowabil i ty and sufficient stability against segregat ion and bleeding. 
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Figure 1: Range of suitable rheological characteristics of SCC [17] 
Results of an earlier experimental study in which no VMA's were included [18] gave the 
impetus for the investigation described in this paper. SCC mixtures with a low plastic 
viscosity and relatively high yield stress (left side of the graph) are mainly stabil ized by 
their high yield stress and therefore especial ly the robustness of this yield stress is 
important for the probabil ity of acceptance of these mixtures. The f lowabil i ty and 
segregat ion resistance of SCC mixtures with a high plastic viscosity and a low or even 
no yield stress (on the right side of the graph) is governed by their high plastic viscosity. 
The robustness of this high plastic viscosity therefore determines the robustness of 
such a mixture [18]. 
This paper investigates whether the inf luence of two 
VMA's on the robustness of a SCC mixture with high 
yield stress and low plastic viscosity is the same as 
on a SCC mixture with low yield stress and high 
plastic viscosity. Changes in the water content of ± 
10 l/m^ were appl ied to the SCC mixtures to study 
the robustness. 
2. Materials and methods 
2.1. Materials 
All SCC mixtures were made with Portland cement 
C E M I 5 2 . 5 N (density 3116 kg/m^ and a Blaine 
f ineness of 368 m^/kg), l imestone powder (density 
2674 kg/m^), a PCE superplast icizer (concentrat ion 
of 35%) , Rhine sand, river gravel 2/8, and river 
gravel 8/16 (density respectively 2575, 2668, and 
2658 kg/m^). The grading curves of the aggregates, 
cement and l imestone powder are shown in Figures 
1 and 2. The chemical composi t ions of the cement 
and l imestone filler are given in Table 1. 
C e m e n t 
[%] 
L imestone 
filler 
[%] 
C a O 6 3 . 0 1 0.00 
C a C O s 0.00 98 .8 
SIO2 18.55 0 . 1 1 
AI2O3 5.83 0 .04 
F e j O s 4 .09 0 .04 
MgO 1.22 0.32 
K2O 0.60 0 .00 
NazO 0.53 0 . 0 1 
SO3 2.97 0.02 
S 0.04 0 . 0 1 
ci^- 0 .086 <0 .008 
L.O.I. 1.24 -
Insolub 
le rest 
0.94 -
Table 1: Chemical composition 
of the cement 
Two types of VMA are used in tl i is experimental program: diutan gum and purif ied 
attapulgite clay. Diuan gum is a high molecular weight microbial polysaccharide, f ixing 
part of the mixing water with hydrogen bonds. The polymer chains entangle at rest and 
align during shear f low [9, 19]. Attapulgite clay consists of small needles with negative 
charges along its main axis and pH-dependent charges at the ends, strongly increasing 
the floe strength In cement pastes [20, 21]. 
Figure 1: The particle size distributions of the 
aggregates 
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Figure 2: The particle size distributions of the 
cement and limestone filler 
2.2. Mix proport ions 
The mixture composi t ions of this test program 
are summar ized in Table 2. As recommended 
by the manufacturer, the dosage of diutan gum 
was chosen as 0.05% of the water weight and 
the dosage of attapulgite clay was chosen as 
0.15% of the cement weight. When diutan gum 
was added, the superplast icizer dosage was 
adjusted in order to obtain an opt imum 
flowabil i ty for this mixture. The robustness is 
studied by changing the water content with ±10 
l/m^ water. 
Mix A MixB 
River gravel 8/16 
[kg/m^] 
470 470 
River gravel 2/8 
[kg/m'l 
266 265 
Rhine sand 0/5 
[kg/m^j 
835 834 
Limestone filler 
[kg/m^] 
160 250 
Cement [kg/m^j 390 350 
Water [kg/m^] 195 175 
Superplasticizer 
[l/m^] 
1.86 4.00 
Table 2: Mixture compositions 
2.3. Methods 
All mixtures are made in a planetary pan mixer of 50 liters using a fixed mixing 
procedure and t iming o f t h e workabi l i ty tests to el iminate addit ional inf luences: 
• The aggregates, cement, and limestone 
powder are mixed for 1 minute; 
0 The water is added to the mixer and mixing 
continues for 1 minute; 
• The superplasticizer is added and mixing 
continues for 1 minute. When a VMA is 
included in the mix design, it is added 30 
seconds after adding the superplasticizer 
during this step; 
• 3 minutes of rest; 
• Start of the workability tests: measurement of 
the slump flow, the V-funnel time, the sieve 
stability index (S.S.I.), the density and air 
content, and the rheological parameters of the 
produced mixture. 
Figure 3: The rotational velocity profile 
applied during the rheometer tests. 
The rheological parameters were determined in an ICAR rheometer with a 6-bladed 
vane with a diameter of 127 mm and a height of 127 mm in a ribbed cylindrical bucket 
with a diameter of 286 mm. The torque necessary to rotate the vane according to a 
f ixed rotation speed profile including a segregat ion point, as il lustrated in Figure 3, is 
measured. The data measured during the last 2 seconds of every rotational velocity 
step was used to calculate the Modif ied Bingham rheological parameters [22] (Eq. 1). 
When plug f low occurred, a plug f low correction was appl ied during the analysis [22]. 
T = T o + / / - y + c - y ^ (Equat ion 1) 
3. R e s u l t s and d i s c u s s i o n 
Table 3 summar izes the fresh propert ies of the reference mixtures A and B in which 
diutan gum, attapulgite clay, and no V M A were added. Two mixtures in which diutan 
gum is added to mix B were considered: one with a lower superplast icizer dosage 
which was very sensit ive to a decrease of the water content, and one with a higher 
superplast icer dosage which was very sensit ive to an increase of the water content and 
suffered f rom bleeding. 
Mixture 
S P 
d o s a g 
e 
S l u m p 
f low 
v-
funne l 
t ime 
s.s . i . D e n s i t 
y 
A i r 
c o n t e n 
t 
Y i e l d 
s t r e s s 
To 
Mod. 
B. pi . 
v i s e , fl 
Mod. 
B. 2"" 
ord . 
coëff . 
[l/m^] [mm] [s] [%] [kg/mT [%] [Pa] 
c 
[ P a s^] 
Mix A 1.06 720 3.8 10.8 2 3 5 0 1.6 29 38 0 
Mix B 4 .00 7 0 5 9.5 14.5 2 3 6 0 2.0 0 3 4 10 
Mix A -
D iu tan 
G u m 
3.29 6 8 0 7.6 11.9 2 3 5 0 1.8 37 69 0 
Mix B -
D iu tan 
G u m 1 
6.57 6 9 5 14.8 15.0 2 3 6 0 2.0 23 81 6 
Mix B -
D iu tan 
G u m 2 
8.00 785 10.9 21 .2 2 3 7 0 1.7 8 49 4 
Mix A -
At tapu lg i te 
c lay 
2 .00 6 7 5 4 .6 8.2 2 3 6 0 1.7 51 4 5 0 
Mix B -
A t tapu lg i te 
c lay 
3.14 6 6 0 10.1 9.4 2 3 7 0 2.6 34 60 13 
Table 3: The fresh state properties the SCC mixes 
The robustness, defined as the capacity of a mixture to tolerate small changes in the 
water content (±10 l/m^), was evaluated using three parameters for each workabi l i ty 
test: the change of the test response (e.g. ASF) , the change of the test response per 
liter water (e.g. ASF / 20 l/m^) and the ratio of the interval divided by the mean value 
(e.g. A S F / SFref). The plastic viscosity listed in Table 4 is the first derivative of the 
shear stress to the shear rate at 5 s'^ for the mixtures having a Modif ied Bingham 
rheological behavior (Equation 2). All test results are plotted in Figures 4 to 7. 
r/5 j - i = // + 2 • c • 5 s (Equat ion 2) 
Mix A Mix A Mix A Mix B M I x B Mix B Mix B 
No VMA Diutan At tapulg i t No VMA Diutan Diutan At tapulg i t 
f j U l l ) e clay gum 1 g u m 2 e c lay 
S lump f low 720 080 675 705 695 785 660 
[mm] 
ASF 245 113 203 95 210 65 330 
ASF / 20 l/m^ 12.3 5.6 10.1 4.8 10.5 3.3 16.5 
ASF / SFref [-] 0.34 0.17 0.30 0.14 0.30 0.08 0.50 
V-funnel t ime 
[s] 3.8 7.6 4.6 9.5 14.8 
10.9 10.1 
AVF 4.1 5.1 3.5 4.9 43.7 5.7 5.4 
AVF / 20 l/m^ 0.20 0.26 0.17 0.25 2.19 0.29 0.27 
AVF/VF,er [ - l 0.25 0.68 0.75 0.52 2.95 0.52 0.54 
S.S.I. [%] 10.8 11.9 8.2 14.5 15.0 21.2 9.4 
ASSI 10.5 11.1 11.7 8.0 21.3 4.8 22.5 
ASSI / 20 l/m= 0.53 0.55 0.59 0.40 1.06 0.24 1.12 
A S S I / S S I „r [-] 0.97 0.93 1.43 0.55 1.42 0.23 2.40 
Yield s t ress 
[Pa] 29 37 51 0 23 
8 34 
AYS 123 36 63 17 227 17 58 
AYS / 20 I/m' 6.2 1.8 3.1 0.8 11.4 0.8 2.9 
AYS/YSref [-] 4.30 0.97 1.23 - 9.71 2.17 1.69 
Plast ic 38 68 45 138 145 93 193 
v iscos i ty [Pa s] 
APV 51 54 41 164 270 101 209 
APV / 20 I/m' 2.5 2.7 2.0 8.2 13.5 5.0 10.4 
APV/PV,ef [-] 1.32 0.78 0.91 1.18 1.87 1.08 1.08 
Table 4: The influence of VMA's on the sensitivity to changes in the water content 
As il lustrated in 
Figure 4, mixtures A, 
with a high yield 
stress and low plastic 
viscosity r j s^ - i (the 
first derivative of the 
shear stress to the 
shear rate at 5 s'^) 
react different on the 
inclusion of a VMA in 
the mix design than 
the mixtures B, with a 
high plastic viscosity 
and low yield stress. 
The robustness of the yield stress of mixtures A increases signif icantly when a V M A is 
included in the mixture. Both diutan gum and attapulgite clay had only a small influence 
on the robustness of the plastic viscosity of mixtures A. W h e n the superplast icizer 
dosage was adjusted in order to reach a similar f lowabil i ty as the original mixture B 
(low yield stress and high plastic viscosity), both VMA's decreased the robustness of 
yield stress and plastic viscosity for mixtures B. Especial ly a smal l decrease of the 
water content had a pronounced effect on the rheology of mixtures B. In order to 
counteract this high sensitivity, another mixture B was tested, including diutan gum and 
a larger dose of superplast icizer (s lump f low 785 mm). This mixture had an improved 
robustness of the Bingham parameters, but suffered from severe bleeding and 
segregat ion. 
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Figure 4: Robustness of the rheological parameters 
Similar trends are observed for the workabil i ty tests: 
• Slump flow (Figure 5): Adding a VMA increased the slump flow robustness of the 
mixture A with a high yield stress and low plastic viscosity and decreased the slump 
flow robustness of the mixture B with a high plastic viscosity and minimal yield stress. 
• V-funnel time (Figure 6): Although all other mixtures had a similar V-funnel robustness, 
the V-funnel robustness of mixture B is significantly affected when diutan gum is added 
to the mix design: a very viscous mixture was obtained when the water dosage is 
decreased with 10 l/m^ When the same mixture was produced with a higher dosage of 
superplasticizer, a similar robustness as for the original mixture was measured. 
• S.S.I. (Figure 7): The use of VMA's in mixture A resulted in a more sensitive S.S.I, to an 
excess of water and a less sensitive S.S.I, to a reduction of the amount of water, 
resulting in a more or less similar robustness of the sieve stability test. The measured 
S.S.I, of mixtures B were above the maximum limits for SCC when VMA's were 
included in the mix design. However, no pronounced segregation or bleeding were 
observed during the workability tests. Only 'Mixture B - Diutan Gum 2' with a very high 
superplasticizer dosage suffered from severe bleeding and segregation. 
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Figure 7: Tine robustness of ttie S.S.I. 
Diutan gum and purif ied attapulgite clay have different working mechanisms in SCC. 
The diutan gum polysaccharide molecules dissolve in the mixing water, develop 
attractive forces, and intertwine with each other [9, 19]. This increases the viscosity of 
the mixing water at rest, resulting in an increased yield stress and plastic viscosity of 
the concrete mix. Attapulgite clay particles are charged needles which increase 
f locculation rate and yield stress of the concrete mixture [20, 21] . The inf luence of the 
VMA's on the rheology is partly compensated by an increased superplast icizer dosage. 
Because mixtures B with a low yield stress and high plastic viscosity are already on the 
limit of bleeding, an increase of the superplasticizer dosage endangers the stability of 
the mixtures. The robustness of these mixtures decreases because o f t h e more narrow 
range of acceptable superplasticizer dosage limited by excessive bleeding and a too 
viscous mixture. Therefore, small variat ions in the water content affect this delicate 
equi l ibr ium and a decrease of the robustness of these mixtures is observed. 
For mixtures with a high yield stress and low plastic viscosity, the larger amount of free 
water al lows the fixation of part of the mixing water. The mixtures are less sensible to 
bleeding and therefore an increase of the superplasticizer content causes less 
problems. Diutan gum increases the plastic viscosity of SCC, providing more 
resistance to changes of the water content compared to attapulgite clay. 
4. C o n c l u s i o n s 
The influence of VMA's on the robustness of the slump f low depends on the 
mechan isms ensuring the stability of the mixture. Mixtures with a high yield stress and 
low plastic viscosity, which include more free water, benefit f rom the fixation of part of 
the water by diutan gum or an increased floe strength originating f rom the purified 
attapulgite clay. The reduced f lowabil i ty can be compensated with an increase of the 
superplast icizer content. When VMA's are included in mixtures with a low yield stress, 
a l ready on the limit of bleeding, an increase of the superplast icizer dosage reduces the 
capacity of the mixture to adsorb small variat ions in the water content. 
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Vorbemerkung 
Leider wurde der vorgegebene Termin zur Einsendung der 
Vortragsmanuskripte in einigen Fallen nicht eingehalten. Um diese 
dennoch in den Tagungsbericht aufzunehmen waren wi r deshalb 
angehalten, die Vortrage nicht nur in ihrer Vortragsfolge sondern auch 
entsprechend ihrem zeitl ichen Eingang zu bearbei ten. 
Das Inhaltsverzeichnis ist aus diesem Grunde thematisch gegliedert und 
erieichtert Ihnen somit das Auf f inden sachlich relevanter Vor-
tragsmanuskripte. 
Wir hof fen auf Ihr Verstandnis für diese Entscheidung des Tagungs-
komitees. 
* * * 
Im Tagungsbericht sind alle termingerecht eingegangenen Beitrage 
abgedruckt. Die im Inhaltsverzeichnis angeführte Abkürzung 
"n.e." = nicht eingereicht 
bedeutet , dass der angemeldete Vortrag zurückgezogen wurde oder 
nicht termingerecht (31 . Mai 2015) im Tagungsbüro vorlag. 
Für den Inhalt der abgedruckten Beitrage sind ausschlieRlich die 
Autoren verantwort l ich. 
* * * 
Das Inhaltsverzeichnis entnehmen Sie bi t te ausschlieRlich dem 
Tagungsband 1. 
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